INTRODUCTION
The translocation of cholesterol from the relatively sterol-rich outer mitochondrial membrane to the relatively cholesterol-poor inner mitochondrial membrane is the rate-limiting step in steroid synthesis (1) . Steroidogenic acute regulatory protein (StAR) plays an integral role in this cholesterol translocation as evidenced by experiments of nature (2) and mouse gene knockout studies (3) . In the absence of functional StAR protein, gonadal and adrenal steroidogenesis is markedly impaired and unmetabolized cholesterol accumulates as sterol esters in cytoplasmic lipid droplets. The conservation of StAR protein structure and expression patterns in steroidogenic tissues of piscine, avian, amphibian, and mammalian species testifies to the importance of this protein in steroid synthesis (4) .
Studies of StAR gene expression (mRNA) in gonadal and adrenal cells revealed that the steroidogenic capacity of these cells was tightly linked to the abundance of StAR transcripts (5).
Analysis of StAR promoter function in human (6) (7) (8) (9) , domestic animal (10, 11) and rodent (12) (13) (14) (15) cells revealed the importance of a variety of transcription factor response elements (SF-1, C\EBPβ, SREBP-1a, GATA-4, DAX-1, Sp-1) within the first 250 bases of the promoter proximal to the TATA-box that influence either basal and/or hormone-dependent (cAMP) StAR gene transcription. Transcription factor binding and analysis of mutant promoter constructs confirmed a role for many of these factors in StAR gene activity (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
Covalent modifications of histones and remodeling of chromatin structure are thought to play a critical role in the regulation of gene transcription (17, 18) . The highly basic N-terminal histone tails that project away from the core histone complex play a key role in higher-order chromatin structure and in interactions of histones with other chromatin-associated regulatory proteins (19) (20) (21) . The reversible posttranslational modifications of the histone N-terminus includes ADP-ribosylation, glycosylation, methylation, phosphorylation and the best documented modification, acetylation (22, 23) . Acetylation neutralizes the positive charge on lysines located at the N-terminus of histones 3 and 4, and was originally thought to allow the protein to dissociate from the negatively charged DNA, thereby allowing the DNA to interact with transcription factors and the transcriptional machinery (24) . However, more recent studies indicate that acetylation, while facilitating transcription can do so without displacement of the Nterminal tail domains from the DNA. Moreover, recent in vivo studies indicate that the histone N-terminus is a highly structured domain that is primarily involved in protein-protein interactions. Acetylation of the histones increases the α-helical character of the N-terminal domains (25) . This structural change may influence the interactions of histones with other chromatin proteins, ultimately leading to the destablization of the higher order chromatin folding (26) . Acetylation and other post-translational modifications have been proposed to represent a "histone code" that might determine the sequence and nature of protein interactions that facilitate transcription and/or DNA replication (23) . However, this interesting hypothesis has yet to be critically evaluated through experimentation.
A link between histone acetylation and gene transcription has been suspected for many years (reviewed in 17). The discovery that coactivator proteins possess histone acetyltransferase activity provided direct evidence for an important role for histone acetylation and transcriptional regulation (27) . It is postulated that DNA-binding proteins recruit transcriptional coactivators that acetylate the histones associated with the gene promoter allowing access of and/or recruitment of other proteins (e.g. TATA-binding proteins, RNA polymerase II, etc) to the DNA to promote transcription. Thus, histone acetylation could be thought of as an excellent by guest on July 7, 2017 http://www.jbc.org/ Downloaded from marker of gene activity. Conversely, histone deacetylases are thought to be involved in the silencing of gene transcription.
A recently developed method to identify remodeled-chromatin using reversible formaldehyde crosslinking of proteins and DNA and antibodies to immunoprecipitate DNA associated with acetylated histones, or chromatin associated with specific transcription factors, has provided new insights into the early events of transcriptional regulation. However, the previously described chromatin immunoprecipitation (ChIP) assays have been largely qualititative or at best semi-quantitative in nature, limiting the assay output to an all or nothing read out (28-31). The studies described here demonstrate for the first time that acetylation of H3, but not H4, associated with the proximal region of the StAR promoter is associated with the transcriptional activity of that gene. We also describe a sensitive and reproducible method for quantitation of promoter activity (i.e., histone acetylation) the linking the ChIP assay to quantitative real-time PCR analysis of the promoter element in the StAR gene. This marriage of methodologies will allow quantification of the activity of multiple genes under in vivo conditions. 8 Antide, a gonadotropin releasing hormone antagonist, (0.8 mg/kg BW/day; Laboratoires Serono SA) was administered to block endogenous surges of pituitary gonadotropins (33) . The macaque granulosa cells were obtained by follicle aspiration during laparoscopy either the morning after the last FSH and LH treatment (non-luteinized granulosa cells) or 27 h after administration of the ovulatory dose of recombinant human chorionic gonadotropin (hCG; 1000 IU; Laboratoires Serono SA; luteinized granulosa cells). This protocol has been used widely to provide granulosa cells that are morphologically and biochemically characterized as either luteinized (cell hypertrophy, presence of lipid vesicles, enhanced steroid synthesis, etc) or not (non-luteinized) (33) (34) (35) . The follicular aspirates were processed as previously described (34) and the resulting granulosa cell preparations were resuspended in Ham's F-10 medium containing bovine serum albumin (1g/l) and cell numbers were determined using a hemocytometer. The granulosa cell preparations were divided into ~1 x 10 6 cell aliquots, brought up to a 5 ml volume of Ham's F-10 and bovine serum albumin containing 1% formaldehyde, and fixed for 10 min at 37 C. Aliquots were then stored at -150 C until ChIP analysis was performed.
Human granulosa cells were obtained from the University of Pennsylvania's IVF program as approved by the Institutional Review Board. The cells were processed immediately as previously described (36) . Briefly, human granulosa cells were isolated from the follicular aspirates by centrifugation followed by the removal of contaminating red blood cells by centrifugal separation using the Ficoll reagent. were designed to detect a 76 base pair amplicon overlapping the splice site between exon 1 and intron 1. To limit the possibility of detection of genomic DNA, the 5 µg of total RNA was subjected to DNase treatment before reverse transcription as previously described.
Progesterone assays -Media samples were assayed using Progesterone Coat-A-Count tubes and reagents (Diagonistic Products Corporation, Los Angeles, CA) as described by the manufacturer.
Data analysis -The relative differences among the treatment groups were determined using the ∆∆C T method as outlined in the Applied Biosystems protocol for RT-PCR. A ∆C T value was calculated for each sample using the C T value for GAPDH to account for loading differences in the RT-PCR reactions and the C T values for the input DNA samples to normalize the ChIP assay results. A ∆∆C T value was then calculated by subtracting the ∆C T for the control from each treatment (i.e., time, cell type) ∆C T within an experiment. The ∆∆C T values were then converted to fold differences compared to the Control by raising 2 to the ∆∆C T power. To analyze the nascent StAR RNA levels, the ∆C T levels were generated using the GAPDH-C T values. Standard deviation for the GAPDH/input/experimental C T were determined and then used to calculate the standard deviation and subsequently the SEM for the fold change as described in the Applied Biosystems Bulletin #2.
Statistical tests were performed using the JMP 3.1.5 computer program (SAS Institute Inc., Cary, NC). Heterogeneity of variance was tested for using the Bartletts test, log transformation of the data (log x ) was performed prior to analysis. In the MA-10 experiments, one-way analysis of variance (ANOVA) was used to analyze the effect of cAMP treatment over time. Tukey-Kramer mean separation tests were performed for comparison between the means.
Results were considered significant if P<0.05 and are expressed as mean ± SEM. (mean ± SD) for 4 patients after correction for loading differences are shown as a fold increase over that observed for the non-immune serum controls. 
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